Abstract. This paper takes the Alpha-stable distribution as the noise model and studies the parameter estimation problem of quadratic FM signal in the impulsive noise environment. Since the conventional algorithms degenerate severely in the impulsive noise environment, this paper proposes a novel method of fractional ambiguity function basing on the fractional lower-order statistics (FLOS-FAF). Firstly, the fractional lower order Instantaneous correlation function is proposed and is performed by the fractional Fourier transform (FRFT). Secondly, parameters of quadratic FM signal are jointly estimated by peak searching the FLOS-FAF and dechirping method. Simulation experiments verify that the proposed algorithm can suppress the impulse noise and has good performance when poor SNR condition exists.
Introduction
The quadratic frequency modulated signal has been widely used in signal processing fields such as in the modern communication, sonar and radar systems and biomedical and so on. Due to the three dimensional (3D) motion characteristics of the target, the received signal often contains cubic term in its phase function. The polynomial phase signal has many modulated parameters, and can enhance difficulty of receiver estimation signal parameters and processing gain. Therefore, the polynomial phase signal is the common signal form in low probability of interception radar, such as broadband linear FM radar and nonlinear frequency modulation radar.
The optimum method to estimate the QFM signal is Maximum likelihood (ML) estimation. However, its computation complexity is extremely great and the global convergence is not always guaranteed. As a computationally efficient alternative, the high-order ambiguity function (HAF) and the Product high-order ambiguity function (PHAF) can estimate the Polynomial phase signal (PPS)'s parameters with P one-dimensional searches via multiple nonlinear operations on the received signal [2] [3] [4] . Moreover, the Polynomial Wigner-Ville distribution (PWVD) is also a high-order multiple transform technique for dealing with PPS. In recent years, fractional Fourier transform (FRFT), has attracted increasingly more attention in signal processing and has been widely applied in detection, parameter estimation and direction of arrival estimation of the LFM signal [6] [7] .
Furthermore, in most parameter estimation methods for array signal processing, additive noise is assumed to be Gaussian, which has finite second-order statistics. In some scenarios, it is inappropriate to model the noise as Gaussian noise. One physical process that largely deviates from Gaussianity is the process that generates "impulsive" signal and/or noise bursts [8] [9] . To overcome these drawbacks, this paper proposes a novel method for quadratic frequency modulated signal parameter estimation based on fractional ambiguity function using the fractional lower order statistics in the impulsive noise environment.
Analysis of Fractional Ambiguity Function Basing the Fractional Lower Order Statistics

Fractional Ambiguity Function
Instantaneous autocorrelation function ( ) 
1 cot exp cot 2 csc cot , ,
The signal ( are signal phase factors, the amplitude and phase factors are real and unknown [8] .
With the use of Eq.1, Instantaneous autocorrelation function of the signal Eq.4 can be expressed as ( 
Fractional Lower-order Statistics
The fractional lower order statistics become the new tools for signal processing [5] [6] [7] [8] [9] [10] . The p th-order moment for a 1- . For 2 p = , the fractional lower-order cross-correlation gives a regular second-order cross-correlation.
Fractional Ambiguity Function Based on Fractional Lower-order Statistics
In order to solve parameter estimation of quadratic frequency modulated signal, this paper proposes the definition of fractional ambiguity function based on Fractional lower-order statistics (FLOS-FAF).
Firstly, the fractional instantaneous autocorrelation function based on Fractional lower-order statistics
where p is the order of the fractional lower order, and 1 Figure 1 (a) the peak of fractional ambiguity function is submerged by noise. Otherwise, we can obtain accurately the peaks of the FLOS-FAF in impulsive noise environment from Figure 1(b) . Therefore, the FLOS-FAF method can effectively restrain impulsive noise interference.
Parameter Estimation Based on FLOS-FAF
Assumed that the cubic phase signal ( ) 
After parameters 2 a and 3 a are estimated, the dechirping method is presented to estimate the parameters 1 a , 0 a and 0 b .
Define signal variable ( ) 
Simulation Results
In this experiment, the parameters of the cubic phase signal are set as . The influence of GSNR to the performance of these parameters is shown in Figure 2 . From Figure 2 , we can find that the proposed method has better estimation performance when GSNR 4 ≥ . Figure 2 . Root mean square error versus GSNR.
Simulation 2: Characteristic Exponent
In this simulation, the generalized signal to noise ratio is set as GSNR=15 and fractional lower-order moment
The influence of characteristic exponent α to the performance of these parameters is shown in Figure 3 . From Figure 3 , we can find that the proposed method has better estimation performance when 1.3 α ≥ . Figure 3 . Root mean square error versus Characteristic Exponent α .
Simulation 3: Compared
In this section, we compare the proposed method and the method of [6] . Based on fractional ambiguity function method is presented in [6] . The method of basing FAF is based second moment. The peak of the fractional ambiguity function of signal is merged by the FAF of noise in the impulsive noise environment, so this method has worse estimation performance. The proposed method use the fractional lower order statistics theory to suppress impulse noise interference. When GSNR 4 ≥ , the proposed method can obtain the accurate peak of FLOS-FAF. Therefore, the proposed method has better estimation performance. 
Conclusion
This paper study parameter estimation method of cubic phase signal. It has been shown that alpha stable processes are better models for impulsive noise than Gaussian processed. Therefore, this paper combined fractional lower order statistics theory and fractional ambiguity function, and proposed FLOS-FAF algorithm. Through searching the peak of FLOS-FAF to estimate parameters of cubic phase signal in impulsive noise. Simulation results demonstrate that the proposed method still has good performance when poor SNR condition exists.
